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We investigated the involvement of the hippocampal formation and the amygdala in the acquisition and expression of the amphetamine-produced conditioned place preference (CPP). Animals were conditioned in four sessions that included two pairings of d-amphetamine (2.0 mg/kg, s.c.) with one of two distinct compartments and two pairings of vehicle with the other compartment in a counterbalanced manner. Animals ' preferences for the compartments were then tested in the absence of amphetamine. The CPP was attenuated by preconditioning electrolytic or excitotoxic lesions of the lateral nucleus of amygdala, but not by electrolytic lesions of the central or basolateral nucleus of amygdala, endopiriform nucleus, or ventral hippocampus or by radio-frequency lesions of the fornix-fimbria. When the lateral nucleus of amygdala was damaged by electrolytic or excitotoxic lesions after conditioning, animals failed to express an amphetamine-produced
CPP. These results demonstrate that expression of the amphetamine-produced CPP is mediated by intrinsic neurons of the lateral nucleus of the amygdala, and that neither acquisition nor expression of the CPP is mediated by the central or basolateral amygdaloid nucleus or the hippocampus-accumbens projection. Combined with our previous finding that the expression of the amphetamineproduced CPP is also mediated by dopamine receptor activation in the nucleus accumbens White, 1989, 1990) , it could be suggested that the lateral nucleus of the amygdala and dopamine terminals in the nucleus accumbens are parts of the neural circuitry that mediates the expression of the amphetamine-produced CPP.
The survival of organisms is dependent on behaviors that maximize contact with biologically essential stimuli and minimize contact with noxious and dangerous stimuli. Many of these behaviors are subject to modification through experience. The conditioned place preference (CPP) paradigm is an experimental demonstration of such a modification. In this paradigm, animals increase their contact with an environment in which they have previously encountered biologically essential stimuli. CPPs are established not only by contact with natural stimuli such as food (Spyraki et al., 1982a ) and a sexual partner (Agmo and Berenfeld, 1990; Mehrara and Baum, 1990) but also by the effects of injected drugs such as stimulants (Reicher and Holman, 1977; Sherman et al., 1980; Spyraki et al., 1982b; Martin-Iverson et al., 1985; Mithani et al., 1986) . Investigation ofthe neural bases of the drug-induced CPPs is a step toward understanding the modification of behavior through experience by natural incentive stimuli and drugs of abuse. CPPs are established when dopamine release from the mesolimbic dopamine pathway projecting to the nucleus accumbens is produced by microinjections of amphetamine into nucleus accumbens White, 1983, 1986) ; amphetamine has no effect when injected into other dopamine terminal areas such as striatum, prefrontal cortex, or amygdala (Carr and White, 1986) . The establishment of CPPs by systemic amphetamine injections is blocked by systemic injections of dopamine antagonists (Spyraki et al., 1982b; Hiroi and White, 1989) and by 6-hydroxydopamine (6-OHDA) lesions of nucleus accumbens (Spyraki et al., 1982b) . We previously reported that the expression of the CPP was blocked by dopamine antagonists injected systemically or into nucleus accumbens before the amphetamine-free test trial White, 1989, 1990) suggesting that dopamine release in the nucleus accumbens also plays a critical role in the expression of this conditioned behavior. This in turn suggests the role of the mesolimbic dopamine system in some mnemonic process.
Despite the evidence that implicates the mesolimbic dopamine pathway in the acquisition and expression of the CPP, little is known about the involvement of other limbic structures in this type of learning. However, a consideration of the anatomical connections of the nucleus accumbens leads to several obvious possibilities. The nucleus accumbens is a target of massive afferents from the prefrontal (Beckstead, 1979; Phillipson and Griffiths, 1985) and entorhinal (Krayniak et al., 198 1; Sorensen and Witter, 1983; Phillipson and Griffiths, 1985) cortices, the subiculum (Swanson and Cowan, 1977; Phillipson and Griffiths, 1985) the hippocampus (Raisman et al., 1966; Siegel et al., 1974; Swanson and Cowan, 1977; Phillipson and Griffiths, 1985) , and the amygdala Phillipson and Griffiths, 1985) . It is noteworthy that two of these structures, the hippocampal system and the amygdala, are involved in memory. Lesions of these structures produce deficits in various memory tasks. Several memory tasks are sensitive to hippocampus or fomix-fimbria lesions, but not to amygdala lesions (Jones and Mishkin, 1972; Parkinson et al., 1988; Zola-Morgan et al., 1989; Peinado-Manzano, 1990; Sutherland and McDonald, 1990 ). Others are sensitive to amygdala, but not to hippocampal lesions (Jones and Mishkin, 1972; Spiegler and Mishkin, 198 1; Murray and Mishkin, 1985; Peinado-Manzano, 1990 ).
The present study was designed to investigate the involvement of the hippocampal system and the amygdala in the acquisition and expression of the amphetamine-produced CPP. Because the hippocampus and subiculum project to the nucleus accumbens through the fomix-fimbria (Raisman et al., 1966; Swanson and Cowan, 1977; Totterdell and Smith, 1989) lesions were made to this fiber bundle. The other structure studied, the amygdala, is made up of heterogeneous nuclei. Most workers have used lesions to the basolateral complex and its adjacent areas in rats Eve&t et al., 1989; Sutherland and McDonald, 1990 ) and gross amygdalectomy in monkeys (Jones and Mishkin, 1972; Murray and Mishkin, 1985; Parkinson et al., 1988; Zola-Morgan et al., 1989) . Because these nuclei have different projections we made small electrolytic lesions confined to either central, basolateral, or lateral nucleus of amygdala. Because these nuclei are surrounded by fibers of passage that are functionally unrelated to them, we also made lesions using the excitotoxin NMDA, which destroys intrinsic neurons, but not fibers of passage (Mayer and Westbrook, 1987) . We also made electrolytic lesions in two additional areas, the endopiriform nucleus and ventral hippocampus, which were damaged by NMDA lesions of the lateral nucleus of amygdala.
The present study was previously presented in a preliminary form ).
Materials and Methods
Subjects. The subjects were 108 experimentally naive male Long-Evans rats purchased from Charles River Canada, St. Constant, Quebec, weighing from 275 to 375 gm at the start of the experiments. The animals were individually housed in single cages with food and water available ad libitum.
Apparatus. The CPP apparatus was made of wood, with a Plexiglas front wall. It consisted of three different compartments, two of which were identical in size (45 x 45 x 30 cm). These two compartments differed in visual, tactile, and olfactory cues. One compartment was painted white and had wood chips with a mild smell on a smooth floor. The other compartment was painted black with white vertical stripes. The floor of the latter compartment was made of 12-mm wire mesh. A few drops of vinegar (1 ml 2% acetic acid) were placed on the floor of this compartment below the wire mesh. These two compartments were completely separated from each other by a wooden partition. An entrance to each compartment was located at the rear next to the partition. An unpainted tunnel (36 x 18 x 20 cm), protruding from the rear of the two large compartments, connected the two entrances. This apparatus does not induce any unconditional preference for either compartment on a group basis (Carr and White, 1983; Clarke et al., 1990) .
Nichrome electrodes (0.25 mm in diameter) with enamel insulation were used for electrolytic and radio-frequency lesions. The tips (0.8 mm) of the electrodes were decoated with Strip X (GC Electronics).
Cannulas used for NMDA injections were made from 30-ga hypodermic needles. The cannulas were attached to a 5.0~~1 Hamilton syringe with PE 10 tubing.
Procedure. The CPP procedure required six sessions with one session of the rats received d-amphetamine injections on even-numbered sessions and vehicle injections on odd-numbered sessions; the pattern was reversed for the remaining rats. The animals were placed into the appropriate compartment immediately after receiving their injections and were left there for 30 min. The entrances to the compartments were blocked, so that the animals were confined to the compartments.
The sixth session was a test session. No d-amphetamine or saline was injected. The entrances to the compartments were open. The animals were placed into the tunnel and allowed to move freely in the three compartments for 20 min. The amount of time spent in each of the two large compartments was recorded by observers who were not aware of the treatments the animals had received.
Surgery and histology. Lesions were made either before or after conditioning. Rats in the preconditioning lesion groups were operated 1 week before the CPP procedure began. The animals received no treatment, electrolytic lesions of the lateral, central, basolateral, or endopiriform nucleus or ventral hippocampus, or radiofrequency lesions of fomix-fimbria.
Another two groups received NMDA or sham lesions of the lateral amygdaloid nucleus. Rats in the postconditioning lesion groups were operated 24 hr after the last conditioning session and tested after a 1 -week recovery period. Two groups received electrolytic or sham lesions of the lateral nucleus of the amygdala, and another two groups received NMDA or sham lesions of the lateral nucleus of the amygdala.
To produce the lesions, the rats were anesthetized with 65 mg/kg of sodium pentobarbital and subjected to standard stereotaxic surgery using coordinates based on the atlas of Paxinos and Watson (1982) .The three amygdaloid nuclei and their two adjacent structures were each damaged electrolytically. Groups, each consisting of eight rats, received no treatment or electrolytic lesions of the lateral (anterior, -3.5; lateral, f5.5; ventral, -8.5 mm), central (anterior, -2.3; lateral, +4.5; ventral, -8.5 mm), or basolateral (anterior, -2.8; lateral, k5.0; ventral, -9.0 mm) nucleus ofamygdala, endopiriform nucleus (anterior, -4.3; lateral, +6.0; ventral, -8.5 mm), or ventral hippocampus (anterior, -4.8; lateral, +5.5; ventral, -8.0 mm). The lesion parameters were 1.5 mA for 20 sec.
Pilot studies revealed that radio-frequency lesions produced more complete damage to fomix-fimbria than electrolytic lesions. Therefore, the fomix-fimbria (anterior, -1.5; lateral, + 1 .O and k2.2; ventral, -4.5 mm) was damaged by radio-frequency lesions. The parameters were 6 mA for 40 sec.
Four groups, each consisting of 8-l 2 rats, received bilateral injections of NMDA (0.25 M in phosphate buffer, pH 7.0) or vehicle into the lateral nucleus of amygdala. Cannulas loaded with either NMDA or phosphate buffer were lowered to the lateral nucleus (anterior? -3.5; lateral, k5.5; ventral, -8.0 mm). The solutions (0.3 ~1) were infused over a 330-set period by a Harvard minipump, and the cannulas were left in position for a further 120 sec. After surgery, the lesioned animals were monitored. When early signs of epileptic seizure were noted, additional injections of sodium pentobarbital(3.25 mg) were given. After completion of behavioral testing, the animals were killed with an overdose of chloral hydrate, and their brains were removed, fixed in formol saline, sectioned, and stained with Luxol fast blue and neutral red.
Results
Histology Figure 1A shows the extent of each of the six preconditioning lesions. Electrolytic lesions aimed at the lateral nucleus of amygdala produced damage to the middle and posterior parts of this nucleus in all cases (Fig. 1A) . In a few cases, the lesions extended into the endopiriform nucleus. Lesions aimed at the central amygdaloid nucleus were well confined to this structure in all The arrowheads delineate the affected areas that showed cell loss and extensive gliosis. 1, control; 2, large lesion; 3 and 4, small lesions. 1-3 were from the preconditioning lesion groups, and 4 was from the postconditioning lesion group.
amygdaloid nucleus, produced damage in ventrolateral parts of the structure. Radio-frequency lesions of the fomix-fimbria produced substantial damage to the target. The cortex and cingulum were also damaged in some of the cases. Postconditioning electrolytic lesions of the lateral nucleus of amygdala produced lesions comparable to those in the preconditioning group (Fig. 1B) . The middle and posterior parts of the nucleus were substantially damaged. Figure 2 , A and B, shows the extent of NMDA lesions aimed at the lateral nucleus of amygdala. In both pre-and postconditioning lesions, there was substantial neuronal cell damage in the lateral nucleus in all cases. Most rats also had substantial damage to the basolateral nucleus. In some of these cases, the lesions extended to the basomedial nucleus bilaterally or unilaterally. In all cases, the endopiriform nucleus was damaged. A few rats had partial damage to the central nucleus. The dorsolateral part of the primary olfactory cortex was damaged in a few rats. In all cases, the lesions also damaged a part of the hippocampus located posteromedially to the lateral nucleus across the lateral ventricle. This damaged area corresponded to the part of the ventral hippocampus damaged by electrolytic lesions (Fig. 1A) .
Representative photomicrographs are shown in Figure 2C . The control brain (Fig. 2CI) shows well-delineated lateral, basolateral, and endopiriform nuclei in the posterior amygdala, which are surrounded by a layer of cell bodies of the primary olfactory cortex. The lesioned areas (Figs. 2C2-4 ) are characterized by neuronal cell loss shown as pale areas and extensive gliosis shown as intensely dark areas. Due to these changes, distinctions among nuclei are blurred. In the case of a large lesion (Fig. 2C2) , the damaged area covered the lateral and basolateral amygdaloid nuclei, endopiriform nucleus, a part of the primary olfactory cortex, and the posterolateral cortical amygdaloid nucleus. Small lesions (Figs. 2C3,4) damaged the lateral nucleus of amygdala substantially and its adjacent nuclei slightly.
In summary, the electrolytic lesions were well confined to each target area of amygdala. NMDA lesions produced cell damage affecting the lateral, central, basolateral, basomedial, and endopiriform nuclei and ventral hippocampus. Thus, these two lesion techniques achieved complementary effects. Electrolytic lesions achieved good regional localization, and NMDA lesions damaged neuronal cell bodies, but not fibers of passage.
Effects of preconditioning lesions of limbic structures Figure 3A shows the effects of preconditioning electrolytic or radio-frequency lesions on the amphetamine CPP. A two-way ANOVA with planned comparisons, with groups as one factor and compartments as the other (repeated measure) revealed significant differences between the amount of time spent in the paired and unpaired compartments for the control [F( 1,49) = 11.8; p < 0. The mean difference in time spent in the two large compartments for the lateral nucleus group was significantly different from that for the basolateral nucleus group [F( 1,98) = 14.4; p < 0.0 11, endopiriform nucleus group [F( 1,98) = 12.7; p < 0.011, and fomix-fimbria group [F( 1,98) = 4.6; p < 0.051, but not for the central nucleus group [F( 1,98) = 2.7; p > 0.051 or ventral hippocampus group [F(1,98) = 1.9; p > 0.051. The animals in the lateral nucleus group spent an average of 38%, 29%, and 33% of the total test time in the paired, unpaired, and tunnel compartments, respectively; for the control group these values were 50%, 24%, and 26%. Figure 3B shows the effect of preconditioning NMDA lesions of the lateral nucleus of amygdala on the amphetamine CPP. Planned comparisons revealed that the difference between the time spent in the two large compartments was significant for the control group [F(1,14) = 5.7; p < 0.051, but not for the group with the NMDA lesions [F( 1,14) = 0.54; p > 0.051. The mean difference in time spent in the two large compartments by the animals in the control group was significantly different from that for the NMDA-lesioned group [F(1,28) = 9.3; p < 0.0 I]. The animals in the control group spent an average of 46%, 17%, and 37% of the total test time in the paired, unpaired, and tunnel compartments, respectively; for the NMDA-lesioned group these values were 35%, 26%, and 38%.
Effects of postconditioning lesions to the lateral nucleus of amygdala Electrolytic lesions of the lateral nucleus attenuated expression of the CPP (Fig. 4A) . Planned comparisons showed that there was a significant difference between time spent in the two large compartments for the sham group [F( 1,14) = 7.5; p < 0.051, but not for the lesioned group [F( 1,14) = 1.7; p > 0.051. The mean difference in time spent in the two large compartments by the animals in the control group was significantly different from that for the lesioned group [F( 1,28) = 7.5; p < 0.051. The animals in the control group spent an average of 48%, 26%, and 26% of the total test time in the paired, unpaired, and tunnel compartments, respectively. For the NMDA-lesioned group, these values were 42%, 32%, and 26%.
The NMDA lesions also attenuated expression of the CPP (Fig. 4B) . Planned comparisons revealed a significant difference between time spent in the amphetamine-paired and unpaired compartments for the control [F(1,19) = 10.6; p < 0.011, but not for the NMDA-lesioned group [F( 1,19) = 1.8; p > 0.051. The mean difference in time spent in the two large compartments by the animals in the control group was significantly different from that for the NMDA-lesioned group [F( 1,38) = 8.4;~ < 0.0 11. The animals in the control group spent an average of 47%, 28%, and 26% of the total test time in the paired, unpaired, and tunnel compartments, respectively. For the NMDA-lesioned group, these values were 36%, 28%, and 36%.
Discussion
The present study shows that the amphetamine CPP was attenuated by preconditioning electrolytic or NMDA lesions of the lateral nucleus of amygdala, but not by electrolytic lesions of its adjacent areas or by radio-frequency lesions of fomix-fimbria. The fact that the time difference for the lateral nucleus group was not significantly different from that for the central nucleus or ventral hippocampus group is difficult to interpret. The facts that (1) the rats in both the central nucleus and the ventral hippocampus groups spent significantly more time in the paired compartment than in the unpaired compartment and (2) their time differences were not different from that of the control group make it clear that these lesions did not impair the CPP. On the other hand, it is also clear that lateral nucleus lesions did not completely eliminate the CPP in any of the experiments described here, and this issue is considered in a later part of this Discussion. It seems likely that the failure of lateral nucleus lesions to abolish the CPP completely is the basis of lack of the significant difference between the lateral nucleus group and some of the other groups.
When the lateral nucleus of amygdala was damaged by electrolytic or NMDA lesions after conditioning, animals also failed to express amphetamine CPPs. Although NMDA lesions aimed at the lateral nucleus of amygdala also affected the central, basolateral, and basomedial amygdaloid nuclei, endopiriform nucleus, and ventral hippocampus, electrolytic lesions confined to each of these five structures produced no impairments. These results show that intrinsic neurons of the lateral nucleus of the amygdala mediate the expression of the amphetamine-produced CPP and that the central, basolateral, and basomedial amygdaloid nuclei, the endopiriform nucleus, and the hippocampal system are probably not involved in mediating acquisition or expression of this type of learning.
Because amygdala lesions are known to affect behaviors normally exhibited in the presence of novel stimuli (Rolls and Rolls, 1973; Nachman and Ashe, 1974; Peinado-Manzano, 1988 ) the possibility that the CPP measures responses to novelty that were eliminated by lesions of the lateral nucleus must be considered. If, by some unknown mechanism, amphetamine acted to preserve the novelty of the stimuli in the paired compartment, the drug might produce a preference for this compartment over the unpaired compartment (Stoles and Siegel, 1986 ) simply because rats tend to explore novel stimuli (Bardo et al., 1989) . However, because amygdala lesions potentiate this tendency to explore novel stimuli (Rolls and Rolls, 1973; Nachman and Ashe, 1974; Peinado-Manzano, 1988 ) and the effect of the lesions in the present study was a reduction in preference, this cannot be the explanation of the observed effects. The suggestion that an increased tendency to explore novel stimuli cannot explain the absence of a CPP is further strengthened by the finding that, on the test day, the control and lateral nucleus-lesioned groups spent comparable times in the tunnel, to which the animals had been exposed only once. The proportion of time spent in the tunnel ranged between 26% and 37% for the controls and between 26% and 38% for the lesioned groups.
An alternative possibility is that amphetamine, again by some unknown mechanism, might increase the familiarity ofthe stimuli in the paired compartment (Swerdlow and Koob, 1984) , leading the animals to avoid the unpaired compartment because of neophobia for the relatively less familiar stimuli in that compartment. However, the fact that the animals had experienced three sessions of exposure to the unpaired compartment before the test trial makes it highly unlikely that the level of novelty represented by these stimuli would be high enough to induce neophobia. In fact, as conditioning progressed, animals often lay on the floor of the unpaired compartment, exhibiting no neophobic responses whatever, suggesting that animals did not perceive the unpaired compartment as novel. Therefore, it seems very unlikely that the effects of amygdala lesions on neophobic responding can explain the findings of the present experiments.
The mnemonic requirement of the amphetamine CPP Previous studies have shown that hippocampus or fomix-fimbria lesions (Jones and Mishkin, 1972; Parkinson et al., 1988; Zola-Morgan et al., 1989; Peinado-Manzano, 1990; Sutherland and McDonald, 1990 ) and amygdala lesions (Jones and Mishkin, 1972; Spiegler and Mishkin, 1981; Murray and Mishkin, 1985; Peinado-Manzano, 1990 ) produce complementary deficits in several tasks. These tasks could be categorized as hippocampus-type and amygdala-type memory tasks, solely based upon the empirical evidence of their differential sensitivity to lesions of the two areas.
In the present study, complete lesions of the fomix-fimbria had no effect on the amphetamine CPP, suggesting that the CPP is not representative of the type of memory mediated in the hippocampus. Considering the fact that performance of memory tasks that tax place learning is impaired by lesions of the fomixfimbria or hippocampus (Jones and Mishkin, 1972; Parkinson et al., 1988; Zola-Morgan et al., 1989; Sutherland and McDonald, 1990) , it seems likely that the present CPP paradigm does not involve "place" learning. If more diffuse spatial cues were used, however, the CPP might be impaired by hippocampus or fomix-fimbria lesions.
Monkeys with amygdala lesions, but not hippocampal lesions, show poor performance on object discrimination reversal (Jones and Mishkin, 1972 ) and trial-unique object discrimination (Spiegler and Mishkin, 198 1) tasks. Amygdala lesions also produce impairments in discrimination learning in rats (PeinadoManzano, 1987 (PeinadoManzano, , 1988 (PeinadoManzano, , 1989 (PeinadoManzano, , 1990 . These deficits are generally interpreted as suggesting that the amygdala is involved in stimulus-reward associations.These discrimination paradigms involve complex and redundant behavioral contingencies. In them, animals face a pair of stimuli, response to one of which is followed by presentation of a primary rewarding stimulus. The tasks would involve all the possible associative linkages proposed by Estes (1969) : stimulus-reward, stimulus-response, and response-reward associations. Furthermore, some of the tasks also involve reversal learning and rule learning. Thus, the impairments observed in these tasks cannot be interpreted in terms of a single process.
The mnemonic requirement of the CPP paradigm seems to be simpler than that of discrimination learning, because it involves pairings of neutral stimuli and primary rewarding effects independently of animals' responses. Operationally, this experimental situation seems to be equivalent to the one described by Gaffan et al. (1988) . In that study, presentation of a stimulus was followed by food, while presentation of another stimulus was not, regardless of the animals' responses. When given a choice after these pairings, the animals chose the stimulus that had been paired with food. Disconnection of the amygdala from the inferotemporal cortex eliminated this behavior. The results of Gaffan et al. (1988) and those of the present study provide evidence that the amygdala mediates stimulus-reward learning, and the present results further show that intrinsic neurons of the lateral nucleus of the amygdala are involved in this type of association. at least in rats.
Acquisition of the stimulus-reward association in the amphetamine CPP Because preconditioning lesions of the central and basolateral amygdaloid nuclei had no effect on the amphetamine-produced CPP, it seems unlikely that these nuclei are involved in the acquisition of stimulus-reward associations. The finding that preconditioning lesions of the lateral nucleus attenuated the amphetamine-produced CPP does not provide clear evidence that this nucleus is involved in the acquisition of stimulusreward associations, because preconditioning lesions affect both acquisition and expression, and postconditioning lesions, which affect expression only, produced impairment. Nonetheless, the data are consistent with the notion that the amygdala is involved in acquisition of stimulus-reward associations (Jones and Mishkin, 1972; Spiegler and Mishkin, 198 1; Gaffan et al., 1988 ).
An acquisition deficit could be due to an impairment of perception of the neutral sensory stimuli, impairment of the primary rewarding effect of amphetamine, and/or impairment of the associative interaction between the two. The first possibility is unlikely because amygdala-lesioned animals clearly locate environmental stimuli and objects Bucy, 1937, 1939; Kling, 1953, 1956 ) and show normal visual acuity Bucy, 1937, 1939) .
The second possibility is also unlikely. In the present study, the primary rewarding effects were produced by amphetamine, which establishes CPPs by inducing dopamine release (Spyraki et al., 1982b; Hiroi and White, 1989) . Dopamine terminals in the amygdala are distributed primarily in the central nucleus (Ben-Ari et al., 1975) . Microinjections of amphetamine into the central nucleus do not establish CPPs (Carr and White, 1986) . Rather, dopamine terminals in the nucleus accumbens seem to be the critical site of action of amphetamine, because 6-OHDA lesions of nucleus accumbens attenuate the CPP induced by systemic injections of amphetamine (Spyraki et al., 1982b) and microinjections of amphetamine into nucleus accumbens establish CPPs White, 1983, 1986) . Although this does not entirely exclude the possibility that amphetamine acts on dopamine terminals in the amygdala to establish the CPP, it is unlikely that amphetamine produces its primary rewarding effects in the amygdala. This implies that the deficit observed in the present study is probably not due to impaired primary rewarding effects of amphetamine.
The remaining explanation for the effect of lateral amygdaloid nucleus lesions observed in the present study is that they disrupted the associative interaction between neutral stimuli and the primary rewarding effect of the drug. If the site of action of amphetamine's primary rewarding effect is dopamine terminals in the nucleus accumbens, some form of interaction between the dopamine system and the lateral nucleus of the amygdala is implied. Such an interaction might involve the flow of a reward signal from the nucleus accumbens to the amygdala. There are anatomical projections from the nucleus accumbens to the ventromedial part of globus pallidus (ventral pallidum of Heimer and Wilson, 1975) (Swanson and Cowan, 1975; Williams et al., 1977; Nauta et al., 1978) . The latter area gives rise to projections to the lateral nucleus of the amygdala (Ottersen, 1980 (Ottersen, , 1981 Groenewegen and Van Dijk, 1984) . The lateral nucleus of the amygdala of the rat also receives visual, auditory, somatosensory, and taste inputs from primary sensory cortical areas via the periallocortex (Turner, 198 1; Turner and Zimmer, 1984) and olfactory inputs from the olfactory bulb via the piriform cortex Switzer et al., 1985) . Thus, the lateral nucleus could be viewed as a site of convergence of sensory stimuli and primary rewarding effects, which seems to provide a suitable basis for the establishment of stimulus-reward associations. The confluence of these two types of signals in the lateral nucleus of the amygdala might be a necessary event for the association between them to be formed.
Expression of the stimulus-reward association in the amphetamine-produced CPP Because electrolytic and NMDA lesions of the lateral nucleus made after the conditioning sessions attenuated the expression of the amphetamine-produced CPP, the present results provide evidence that the expression of behavior guided by conditioned stimuli is mediated by intrinsic neurons of the lateral nucleus of the amygdala. Although amygdala lesions generally have not produced deficits on preoperationally acquired discriminations (Hearst and Pribram, 1964; Peinado-Manzano and MartinezMartin, 1987; Peinado-Manzano, 1988; Cadoret al., 1989) this might be due to the fact that the discrimination tasks used in these studies had more than one mnemonic solution. In fact, when the importance of a stimulus-reward association is maximized in a task, considerable impairment has been observed (Eve&t et al., 1989; present results) . In Eve&t's study, extensive excitotoxic lesions were made including the basolateral nucleus and a part of the lateral nucleus, central nucleus, and other adjacent areas. The present results indicate that it is the lateral nucleus, but not the other amygdaloid nuclei, that mediates retrieval and/or storage of stimulus-reward associations.
We previously reported that a dopamine antagonist injected into nucleus accumbens abolished the expression of the amphetamine CPP , suggesting that dopamine release in the nucleus accumbens is another important neural event for expressing previously acquired stimulus-reward associations. Together with the present results, it might be suggested that dopamine terminals in the nucleus accumbens and the lateral nucleus of the amygdala are parts of the circuitry that mediates expression of the process through which these associations influence behavior. The process might involve the projection of the lateral nucleus of the amygdala to the nucleus accumbens Phillipson and Griffiths, 1985) .
It should be noted that in no case was a complete blockade of the CPP observed, even though groups of animals with lateral nucleus lesions did not show statistically significant CPPs. One explanation could be the redundancy of brain functions. In the presence of amygdala lesions, other brain areas may be able to acquire and express learned behaviors normally mediated in the amygdala, albeit less efficiently. Consistent with this idea, a number of studies have shown that, in tasks sensitive to amygdala lesions, the behavioral deficits are revealed quantitatively rather than qualitatively: the animals with lesions eventually show complete learning, and the deficits are revealed as the number of trials to criterion (Jones and Mishkin, 1972; Spiegler andMishkin, 1981; Peinado-Manzano, 1987 ,1988 ,1989 ,1990 Peinado-Manzano and Martinez-Martin, 1987) . Alternatively, the incomplete elimination of the CPP might be due to the fact that the olfactory system redundantly gives rise to direct and indirect projections to almost all amygdaloid nuclei Switzer et al., 1985) . Due to this redundancy, the lateral nucleus-lesioned animals may have been able to identify the drug-paired compartment by odor-reward associations, while they were unable to identify the drug-paired visual and somatosensory stimuli, leading to the significant reduction of the CPP. In fact, we have observed that lesions of the lateral nucleus of the amygdala completely eliminated a food-produced CPP in which only visual cues were used .
The present study suggests that intrinsic neurons of the lateral nucleus of the amygdala mediate expression of the association of neutral stimuli and rewards. There is also evidence that the amygdala is involved in the mediation of certain effects of conditioned aversive stimuli on behavior (McGaugh, 1988) . Large excitotoxic lesions of the amygdala impair passive avoidance (Dunn and Eve&t, 1988; Cahill and McGaugh, 1990) , and large electrolytic lesions centered in the central amygdaloid nucleus impair conditioned startle response (Hitchcock and Davis, 1986) . A recent study showed that small electrolytic lesions of the lateral amygdaloid nucleus impaired the conditioned startle response (LeDoux et al., 1990) . Further research will be required to determine the roles of different amygdaloid nuclei in mediating the effects of conditioned appetitive and aversive stimuli on behavior.
